The rate of evapotranspiration from thinned and unthinned stands of Douglas fir was m6asured using energy and water balance methods. At high values of soil water storage in the root zone the evapotranspiration rate was approximately 80% of the equilibrium evaporation rate. Below a critical value of soil water storage the ratio of the evapotranspiration rate to the equilibrium evaporation rate (E/Eeq) tended to decrease linearly with decreasing soil water storage. The critical values of soil water storage in the root zone were 11.8 and 8.3 cm for the thinned and unthinned stand, respectively. Below these critical storage values, there was approximately 3.5 cm of water remaining in both root zones that was extractable by the This general approach is used in this paper to describe rates of water use by two West Coast Douglas fir stands that are usually exposed to midsummer drought. The objectives of this paper are to report the maximum rates of evapotranspiration when root zone soil water content is high and to describe the variation in the evapotranspiration rate as the root zone soil dries out.
Oe = (W-Wra)/(W F --Wra)
where W is the root zone water storage, Wm is the minimum water storage at which the rate of water extraction by the plants approaches zero, and Wr is the water storage at field capacity (when drainage is small in relation to evapotranspiration). They found that during the drying phase, E/Em,• was linearly related to 0,• Furthermore, they found that with nearly all of the data examined, the critical value of 0, was between 0.25 and 0.35. An objective of this paper will be a report on how closely two Douglas fir forest stands conform to these findings.
EXPERIMENTAL PROCEDURE

Experimental Sites
The research was carried out in two large stands of Douglas fir (Pseudotsuga menziesii (Mirb. The average volumetric water content of the root zone (0) is equal to the root zone water storage (W) divided by the depth of the root zone. Root zone depths were assumed to be 65 and 80 cm at site I and site 2, respectively.
Trees at site 1 were 8-10 m tall, while those at site 2 were 7-9 m tall. There was almost no undergrowth at site l, but at site 2 there was considerable salal (Gaultheria shallon, Pursh) undergrowth. The leaf area index at site 1 was between 7.5 and 8.0 (projected leaf area basis), while at site 2 it was approximately 6.6 (3.6 for Douglas fir and 3.0 for salal), [Tan et al., 1978] .
The soil texture at both sites is gravelly sandy loam of the Dashwood series. The soil is underlain by sandstone at a maximum depth of 70 cm at site I and 85 cm at site 2. The physical properties of the soil are described in detail by Nnya-,tab and Black [1977] . Soil water retention properties for the root zones at both sites are given in Table 1 .
Measurements
Site 1 was instrumented in the summer of 1974, and site 2 in the summer of 1975. Soil water matric potential (•bm) was measured at least 3 times daily using a tensiometer-pressure transducer system and Wescor PT51-10 hygrometers at four depths at site I and five depths at site 2. Using gradients of the total soil water potential at the base of the root zone and the unsaturated hydraulic conductivity characteristic, Nnyamah and Black [1977] estimated the rate of vertical flow of water into or out of the root zones at both sites. Weekly soil water content measurements were made gravimetrically in the 0-to 10-cm layer and by neutron moisture meter (calibrated at each site) down to the 50-cm and 75-cm depths at site 1 and site 2, respectively. From these measurements the water storage in the entire root zone could be calculated [Nnyamah and Black, 1977] . Average values of the evapotranspiration rate E were calculated for successive 5-to 10-day intervals during drying periods of about 1-month duration (each drying period followed heavy rain) at each site. Calculations were made using the following water balance equation:
where AW is the change in root zone soil water storage over the time interval At, D is the average rate of drainage from the root zone over the time interval (D was positive during only part of the first week following the end of the heavy rain that wetted the entire root zone), and P is the average rainfall rate over the time interval. Surface runoff was not observed at either site throughout the duration of the study. Half-hourly measurements of evapotranspiration were made using the energy balance/Bowen ratio method. The Bowen ratio • was measured using a psychrometric apparatus described by Black and McNaughton [1971] . The separation between the two psychrometric sensing heads was 1 m at site 1 and 3 m at site 2. The importance of the increased head separation will be discussed later in the paper. The evapotranspiration rate was calculated using the equation estimates for site 1 should be more accurate than those for site 2 because the unsaturated hydraulic conductivity characteristic used in calculating vertical soil water flux at both sites was determined on a soil sample from site 1 [Nnyamah and Black, 1977] . The accuracy of energy balance measurements at site 1 was less than that at site 2 for two reasons. First, a forestry access road passed within 50 m of the meteorological tower, and wind direction was from the road to the tower for a significant fraction of the time. Second, the 1-m separation distance between the sensing heads of the Bowen ratio measurement apparatus, when operating at site 1, was a minimum acceptable distance in view of the small size of the measured vertical gradients of temperature and humidity. Increasing this distance to 3 m at site 2 proved most satisfactory, as can be seen in the stability of the latent and sensible heat flux data in Figures 1-3 . Sensor separation at site 2 was increased, since gradients had been observed to be small at site 1 and were expected to be smaller above the thinned stand at site 2. During the daytime on a sunny day when soil water content was relatively high, typical dry and wet bulb gradients were cloudy days, especially cloudy days following rain, E/E,q is significantly higher than on sunny days. Unfortunately, there were no cloudy day data when soil water storage was high, so little can be said about E/E,q under these conditions. Other workers have reported that at a given soil water content the ratio of actual to maximum evapotranspiration increased with decreasing maximum evapotranspiration, the latter being strongly dependent on the daily net radiation [ Figure 7 that on the only sunny day after rain at site 2 (June 29, 1975), E/E,q was no higher than on subsequent sunny days when soil water storage was relatively high.
E/Eeq at High Soil Water Storage: An Estimate of Emax/Eeq
In order to determine the average value of E/Eeq at site 2 when evapotranspiration appeared not to be limited by the quantity of water in the root zone, the regression slope of a plot of E against Eeq was determined for all data for which The values of W at the zero extraction point (Wm) are shown in Figure 7 Table 1 ), it is not surprising that the value of W at the critical point and the zero extraction point are different. It is of interest to note that the critical point was reached at both sites about 12 days after the dry period began. This similarity is quite fortuitous, since at site 1 the soil was about 2.5 cm less than field capacity at the beginning of the period and the net radiation at site 1 over the 12-day period was 20% less than that at site 2. At sites 1 and 2 the quantity of water extractable between field capacity and the critical point is about 5.7 and 5.2 cm, respectively, while the quantity of water extractable between the critical point and the zero extraction point is about 3.7 and 3.5 cm, respectively (Tables 2 and 3 is clear that an arithmetic average xPm for the root zone has limited meaning. The concept of using a total root zone water storage or fractional extractable water to describe the water status of the root zone appears to be somewhat more useful in the empirical approach described in this paper. Furthermore, W can be obtained by a simple water balance method without the need to use soil water retention information. Figure 11 shows that as E/Ee,• drops, matric potential gradients increase in the root zone. Both sites show a similar pattern. In addition, Figure 11 confirms the earlier remark that when maximum root zone matric potentials fall to slightly less than -1 bar, E/Ee,• begins to decline below maximum values at both sites.
CONCLUSION
The analysis in this paper indicates that micrometeorological energy balance estimates of forest evapotranspiration agree well with water balance estimates. The separation distance between the sensing heads of Bowen ,ratio measurement apparatus should be no less than 3 m for reliable measurements above forest stands as aerodynamically rough as those in this study.
The maximum 24-hour rate of evapotranspiration under sunny conditions at the two Courtenay sites was less than the equilibrium rate of evaporation, even on a day following rain. In the case of the thinned stand, the average value of the ratio of the maximum rate of evapotranspiration to the equilibrium evaporation rate was 0.8 In the case of the unthinned stand, this ratio was 0.9; however, water balance data suggested that this was as much as 10% too high.
During the drying phase at both sites, E/E•,• was, to a good approximation, a linear function of water storage in the root zone. Approximately 3.5 cm of water was still extractable from the root zone after the critical water storage value had been reached at both sites. Both sites exhibited a very similar relationship between E/E•,• and soil water storage when soil water storage was expressed as a fraction of the extractable soil water. The critical point at both sites occurred when there was approximately 40% of the extractable water remaining in the root zone. This appears to be higher than most values reported for agricultural crops. The critical point at both sites corresponded to a maximum root zone matric potential of a little less than -1 bar.
